Cases of suspected herb-induced liver injury (HILI) caused by herbal Traditional Chinese Medicines (TCMs) and of druginduced liver injury (DILI) are commonly published in the scientific literature worldwide. As opposed to the multiplicity of botanical chemicals in herbal TCM products, which are often mixtures of several herbs, conventional Western drugs contain only a single synthetic chemical. It is therefore of interest to study how HILI by TCM and DILI compare with each other, and to what extent results from each liver injury type can be transferred to the other. China is among the few countries with a large population using synthetic Western drugs as well as herbal TCM. Therefore, China is well suited to studies of liver injury comparing drugs with TCM herbs. Despite some concordance, recent analyses of liver injury cases with verified causality, using the Roussel Uclaf Causality Assessment Method, revealed major differences in HILI caused by TCMs as compared to DILI with respect to the following features: HILI cases are less frequently observed as compared to DILI, have a smaller proportion of females and less unintentional rechallenge events, and present a higher rate of hepatocellular injury features. Since many results were obtained among Chinese residents who had access to and had used Western drugs and TCM herbs, such ethnic homogeneity supports the contention that the observed differences of HILI and DILI in the assessed population are well founded. Citation of this article: Jing J, Teschke R. Traditional Chinese medicine and herb-induced liver injury: comparison with druginduced liver injury.
Introduction
Suspected cases of herb-induced liver injury (HILI) caused by Traditional Chinese Medicines (TCMs) have been highlighted in many publications on case reports and case series or have received commentaries and analyses in review articles. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These reports have been published by groups from many countries 5, 12 and have implied that herbal TCMs are potential therapeutic options of worldwide importance. 5 Such a worldwide distribution pattern of herbal TCM use also suggests that liver injury by TCM herbs likely emerges in all ethnic populations and lacks major predisposition features based on ethnic factors. Based on a unique traditional theory, herbal TCM has a long history of use in clinical practice, especially in Asian countries, including China. 5 Consumers and herbalists commonly believe that herbal TCMs and other herbal medicine (HM) products labeled as "natural" are always safe and of benefit to public health, improving physical fitness, extending lifespan, and treating various illnesses. Thus, and as expected, it seems that the global consumption of herbal TCM products has rapidly expanded, although valid data are sparse. 5 Concomitantly, liver injury cases associated with TCM use have increasingly been published in the last few years. 12 This is at variance with previously published and recently confirmed results of clinical studies in a German TCM hospital; under strict in-patient conditions, the use of herbal TCMs was evaluated for possible increases of liver tests (LTs). 7, 8 In only 0.3% of all treated patients, liver injury newly emerged with a merely possible causality grading as assessed by the Roussel Uclaf Causality Assessment Method (RUCAM). 5, 8 The abundance of reported liver injury cases in connection with the use of herbal TCMs is a clinical and scientific challenge, as various aspects are under critical discussion. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] There are questions of incidence and prevalence rates, issues of herbal product quality, clinical course and validity of applied causality assessment methods (CAMs), as well as pathogenetic considerations. Most of these topics have also been studied in patients with liver injury caused by synthetic Western drugs. [13] [14] [15] It is therefore of interest how HILI by TCMs and drug-induced liver injury (DILI) compare with each other, and to what extent the results from each liver injury type can be transferred to the other. China is among the few countries with a large population using synthetic Western drugs, herbal TCM, or both together. Therefore, China is well suited to studies of liver injury comparing drugs with TCM herbs. 1 herbal TCMs as compared to DILI, as well as the use of potential diagnostic biomarkers and issues of other diagnostic approaches. Special attention is paid to CAMs for liver injury cases, considering RUCAM (specifically, its update of 2016), the most commonly used CAM 16 and other CAMs (including expert opinion-based ones), which are briefly evaluated regarding the advantages and limitations of their use.
Search strategy

Search and identification terms
The PubMed database was searched to identify publications such as clinical trials and review articles using the following terms: medical subject headings (MeSH) term "medicine, Chinese traditional", "drugs, Chinese herbal", "herbal medicine", or their entry terms; these terms were combined with hepatotoxicity, liver injury or liver diseases, MeSH terms "chemical and drug-induced liver injury" or its entry terms such as "chemically-induced liver toxicity", "toxic hepatitis". This led to the identification of publications of herbs combined with their MeSH terms and entry terms, with hits of around 3837 or 14,160, respectively; for liver injury combined with herbs, 59 or 282 hits were presented. Meanwhile, publications of DILI were identified on the PubMed database with the MeSH term or its entry terms, which provided 26,448 hits. Among the publications in each category, the first 100 hits were commonly considered. The literature provided by PubMed covered the years 1996 to 2016.
Data analysis
Publications were analyzed for their scientific and clinical value, data quality and relevance related to the topic of this article. Publications of good quality were preferred and considered for evaluation. Publications in the English language were preferred, but some important studies published in Chinese language were also included in the analysis. Literature in English was rarely provided since essential HILI publications, especially those related to herbal TCMs, were in foreign languages of the Eastern countries, including Chinese, Korean and Japanese, lacking an English abstract. Therefore, publications in English, Chinese and other Asian languages were collected in our present review article. A manual search focused on reports not yet identified. The literature search ended on 31 December 2016.
Epidemiology of overall liver injury cases
Incidence
Data on firm incidence rates of HILI caused by TCM products in the general population are limited, due to a lack of prospective large-sale studies in individuals with excluded chronic or acute liver diseases prior to therapy initiation with herbal TCMs. However, to provide some order of magnitude, in 3/994 individuals (0.3%) from Germany, liver injury with a RUCAM-based possible causality level was described as a consequence of herbal TCM use; 5, 7 none of the 994 individuals received a probable or highly probable RUCAM-based causality grading, while 3 experienced clinically irrelevant liver adaptation with alanine aminotransferase (ALT) <5 3 upper limit of normal (ULN). Among the study cohort, the most frequent adverse reactions included gastrointestinal symptoms (13.4%), neuro-vegetative symptoms (6.1%) and diarrhea (4.6%). 5, 7 The lack of substantial liver injury by herbal TCM products shown under strict hospital conditions is indeed unexpected and needs confirmation. Under normal field conditions outside of a hospital setting, more cases of HILI from various TCM herbs were published with established causality of higher gradings, as assessed by RUCAM, positive re-challenge tests, or both. 5 For DILI, a crude incidence rate of 2.4±0.4 per 100,000 person-years was reported from UK, 17 an overall annual incidence of 34.2±10.7 cases per 1,000,000 inhabitants from Spain, 18 a crude annual global rate of 13.9±2.4 per 100,000 inhabitants from France, 19 and an overall annual incidence of 19.1±4.3 per 100,000 inhabitants from Iceland 20 ( Table 1) . It is noteworthy that the incidence data of HILI caused by herbal medicines including TCMs and herbal dietary supplements cannot be determined due to a lack of such published cohort studies
Prevalence
Prevalence data of HILI cases specifically due to herbal TCMs' use are limited, since reliable clinical and epidemiological studies are lacking. 6 Global prevalence of unspecified HILI could be considered if all herbs contained in herbal drugs and herbal dietary supplements were included, whereas a specific prevalence rate refers to one single herb. The prevalence of liver injury caused by HMs was evaluated by a single-center study of liver injury in Korea. 21 In this study of 1,169 patients, liver injury attributable to HMs was observed in five patients (0.43%), compared with five other patients with liver injury due to Western medicine (WM). 21 True prevalence data are lacking for unspecified HILI 22, 23 and herbal and dietary supplements (HDSs). 24, 25 For liver injury caused by synthetic drugs, some prevalence data are available from a Korean retrospective analysis of 1,169 cases, which found 11 DILI cases (0.94%). 21 In 6-week survey studies from 30 German pharmacies between 2011 and 2012, an unexpected high prevalence of DILI in pharmacy customers was reported, since, in 141 out of 1,098 patients (12.8%), elevated liver enzymes caused by suspected synthetic drugs were found. 26 Prevalence rates of DILI in Korea were significantly different from those in Germany, likely because of small sample sizes and region limitation. Additionally, describing the valid epidemiological features of specific liver injury cases requires a clear differentiation of herbal TCMs from synthetic drugs and more data from multi-center, controlled studies, as opposed to the present prevailing conditions reporting cases of DILI and HILI by TCMs together ( Table 2 ). In most of these liver injury studies, HILI cases were less frequently observed as compared to DILI cases. 1, [27] [28] [29] This discrepancy is best explained by a higher use of synthetic drugs, as compared to herbal products, among the assessed cohorts.
Constituent ratio of HILI in DILI/HILI cohorts
Some liver injury reports include DILI and HILI cases in their study cohorts and provide valuable information on constituent ratios, which differ from country to country (Table 2) . In a retrospective analysis of 1,676 Japanese patients with liver injury in 1997-2006, herbal TCMs were implicated as causes in about 3.8% of cases. 27 In a prospective study from Singapore, Chinese herbs were responsible for the symptoms of 31 patients (55%) among those who were diagnosed with liver injury at a tertiary hospital over a 26-month period. 28 In 
Demographics
The median age of 839 patients with liver injury caused by HDSs and synthetic drugs was 50 years in a study from the United States (Table 3) . 31 Similarly, a mean age of 46.1 years was reported for 8,528 patients with HILI by TCMs, based on 127 publications provided by the Chinese Periodical Full-text Database. 33 This was similar to a single-center retrospective analysis in China, which showed that the patient group with HILI caused by TCMs was aged from 41 to 50 years, with an average of 46.1 years. 1, 33 In the United States, the mean age of patients with DILI/HILI was 49±17 years among 899 patients. 30 A compilation of these data is presented in Table 3 . Uncertainty exists whether sex is a risk factor of liver injury. 34, 35 At least in China, women are less likely to experience HILI and DILI than men, as evidenced by two retrospective analyses. 33, 36 This is at variance to the United States, where DILI is more common in female patients than in males, with a preponderance of females for the hepatocellular type of liver injury. 30, 37 The higher susceptibility of women for DILI is unclear but could be ascribed to differences in drug pharmacokinetics, specific hormonal effects, and adverse immune reactions to some drugs. 35 The sex distribution is shown in Table 3 .
Complexity of liver injury pathogenesis
Liver injury is caused by an idiosyncratic or intrinsic reaction. 5, [14] [15] [16] Only idiosyncratic liver injury occurs largely independently of the applied dose and emerges unpredictably, as opposed to intrinsic liver injury, which does not share these characteristics. 5 This contributes to the complexity of pathogenetic aspects related to idiosyncratic HILI and idiosyncratic DILI. 5, 14, 15 Although firm evidence is lacking due to the unavailability of appropriate studies in patients, two mechanistic hypotheses for the initiation and progression events are under discussion for idiosyncratic liver injury: first, sterile inflammation caused by drug-induced cytotoxicity; second, immune response via antigen presenting cells (APCs) and/or helper T-cells. 38 Moreover, product properties and host factors could play a key role in different functional pathways, individual susceptibility, clinical phenotype, and outcome. 38 
HILI by TCMs
HILI caused by TCMs is mostly of the idiosyncratic type of liver injury, rarely of the intrinsic or undetermined type. 5 Idiosyncratic liver injury cannot be reproduced in experimental animals, which precludes toxicological studies in order to clarify pathogenetic sequences that lead to liver cell apoptosis and cell death. Nevertheless, and despite these methodological uncertainties and study limitations, some publications claim having identified, for some TCM herbs, specific chemical ingredients as causative agents for liver injury, referring most likely to the intrinsic type. 38, 39 For instance, anthraquinones and 2,3,5,4'-tetrahydroxy trans-stilbene-2-O-b-glucoside are proposed as the hepatotoxic components for Polygonum multiflorum Thunb, 40, 41 volatile oils for Artemisia argyi (Ai Ye), 42, 43 toxic proteins (ricin) for Rhicinus communis (Bi Ma Zi), 44 glycosides (kaurene) and diterpenoids for Xanthium (Cang Er Zi), 45 alkaloids (dichroine) for Dichor febrifuga Lour (Chang Shan), 46 glycosides (saponine) for Albizia julibrissin (He Huan Pi), 47 glycosides (steroids, diosgenin) and diterpenoids-lactones for Discorea bulbifera L (Huang Yao Zi), 48, 49 glycosides (tetranortriterpenoids) for Melia azedarach (Ku Lian Zi), 50 glycosides (tripterygium), diterpenoid-lactones for Tripterygium wilfordii hook F (Lei Gong Teng), 51 alkaloids (phytolaccine) for Phytolacca acinosa Roxb. (Shan Lu), 52 or toxic proteins (abrin) for Abrus Precatorius (Xiang Si Zi). 53 Although such examples were reported as culprits of various cases of liver injury by herbal TCMs, the potential hepatotoxicity of these chemical ingredients from most of the herbal TCMs is unknown. 5, 54, 55 The intrinsic types of HILI due to TCMs are mostly caused by herbs with unsaturated pyrrolizidine alkaloids (PAs) as their ingredients and hepatotoxic culprits. [56] [57] [58] A series of experimental and comparative studies with Jing Tian San Qi (Sedum aizoon, syn. Stonecrop) and the TCM herb Shan Chi (Gynura segetum) have provided clear evidence that the PAcontaining Shan Chi is the herb responsible for many cases of hepatic sinusoidal obstruction syndrome (HSOS), previously called hepatic veno-occlusive disease. 10, 59 PA-containing TCM herbs, such as Shan Chi 10, 59 or Senecio vulgaris L, 60 preferentially injure the sinusoidal endothelial cells of the liver and thereby reduce the blood flow within the sinusoids. 4, 61 One of the first TCM herbs causing intrinsic liver injury was the TCM Shi Can. This consists of Teucrium chamaedrys or other Teucrium species and is better known in Western countries as Germander. 62 Although liver injury by Germander was mostly low-graded and transient, this hepatotoxic herb has been taken off the French HM market. 5, 62, 63 Because human PA-induced HILI is well reproducible in animals, such models have been used widely to clarify the pathogenetic aspects of liver injury, with its different steps. Virtually all processes take place at the molecular level, focusing on molecules of phytochemicals and enzymes, and their metabolic actions. 5 Based on experimental studies, hepatotoxic ingredients of herbal TCMs or their mostly reactive metabolites commonly cause depletion of hepatic glutathione stores and a reduction of cytoskeleton-associated protein thiols; this leads to formation of plasma membrane blebs, causes apoptosis of liver cells, and induces liver injury, 56, 64 possibly through an immuno-allergic reaction. 5 However, such pathogenetic mechanisms of intrinsic liver injury are hardly transferable to idiosyncratic HILI, as has often been done erroneously.
DILI
As with HILI caused by TCMs, the majority of liver injury by Western drugs is based on idiosyncrasy without the option of pathogenetic evaluation in experimental animals or in patients. 38, 65 In line with the low incidence and prevalence rates of idiosyncratic DILI in the general population, some genetic variations in host receptors, variable immune responses, and various metabolic pathways are under discussion for the pathogenetic sequelae of idiosyncratic DILI. 65, 66 Among the most frequent synthetic drugs causing idiosyncratic DILI are antimicrobials, such as amoxicillin/clavulanate, nitrofurantoin, sulfamethoxazole/trimethoprim, ciprofloxacin, and isoniazid. 1, 4, 9, [15] [16] [17] [18] [19] [20] [21] [27] [28] [29] [30] 67, 68 Similarly, agents for molecular target therapy, like tyrosine kinase inhibitors and tumor necrosis factor-a inhibitors, can also induce idiosyncratic drug reactions. 69 Although little is known about the mechanisms and pathways underlying how drugs initiate and maintain idiosyncratic DILI, 15 risk factors of disease initiation and perpetuation are known. 38 Among these potential risk factors are age, sex, genetic factors, pubertal development, hormonal changes, nutritional status, pregnancy, and co-medication; also, underlying disease conditions and the gut microbiome could affect DILI occurrence and progression. Instead, intrinsic DILI can be reproduced in animal studies and is, therefore, well characterized with respect to pathogenetic mechanisms of injury that are transferrable to human intrinsic DILI, with liver injury by acetaminophen as a good example. 65 Intrinsic liver injury by acetaminophen is commonly dose-dependent, and its animal models facilitate our understanding of the molecular steps that are responsible for hepatocellular injury. 70 The hepatic metabolism of acetaminophen leads to N-acetyl-p-benzoquinone imine (NAPQI), which is detoxified by hepatic glutathione. 69, 71 Accumulation of NAPQI initially reduces hepatic glutathione, and upon its exhaustion, NAPQI not bound to glutathione causes centrilobular hepatic necrosis. 72 Thus, experimental acetaminophen overdose is a good example for human intrinsic DILI.
Study cohorts of HILI by TCMs as compared to DILI
Background
Chemicals of different structures are the culprits of both liver injury entities, HILI and DILI, with botanical chemicals of TCM herbs being responsible for HILI by TCMs as opposed to synthetic chemicals of drugs accounting for DILI. Prompted by a recently published study in China, which provided the homogenous ethnicity of the cohorts and compared, for the first time, HILI by TCM herbs with DILI by synthetic drugs within a single study protocol, 1 a further discussion of these two unique injury types described in this comparative study of two cohorts is warranted.
Case definition and liver injury classification
The comparative analysis comprised two study cohorts, one consisting of 563 patients with suspected HILI by TCMs and one of 870 patients with suspected DILI by Western drugs. 1 The diagnostic criteria of DILI and HILI as outlined for RUCAM, which were updated in 2016, 16 were used to select patients for inclusion in the comparative study. 1 The inclusion criteria included elevated ALT >5 3 ULN or alkaline phosphatase (ALP) >2 3 ULN. It was mandatory for diagnostic exclusion of hepatotropic virus infections (by specific antibody test or other parameters), as well as of hepatitis E virus (HEV) infections (by anti-HEV IgM and IgG testing), non-hepatotropic virus infections, autoimmune liver disease, alcoholic liver disease, and metabolic disorders. Liver injury pattern was classified in all cases of the two cohorts, 1 again in line with criteria of RUCAM. 16 Thereby, liver injury was designed as hepatocellular, cholestatic, or mixed in the comparative study. 1 The distribution of liver injury classification in the Chinese study comparing the cohort of HILI by TCMs with the DILI cohort is shown in Fig. 1 .
Clinical features of HILI by TCMs and DILI by Western drugs
Clinical manifestation is similar for liver injury by drugs as compared to herbs. 1, 32, 34, 73 For instance, the latency period of DILI ranges from a few days to several months. 73 The first signs of DILI usually emerge within the initial 6 months of treatment with a new drug, whereas liver injury associated with few other specific causative agents can occur after a longer latency period. 35 For a newly used Chinese herbal medication, the median time to develop liver injury was 3 months. 33 In general, most patients with suspected HILI or DILI are asymptomatic or have mild LT abnormalities with marginally elevated ALT, aspartate aminotransferase (AST), or ALP. 35 Only a small proportion of HILI or DILI patients have clinical signs of fatigue, lack of appetite, nausea, epigastric pain and abdominal discomfort. 34, 74 Jaundice, pruritus and discolored stool often occur in patients suffering from cholestatic liver injury by use of synthetic drugs or herbal TCMs. 32, 34, 73 Patients with liver injury rarely experience extrahepatic hypersensitive symptoms like fever, rash, and blood eosinophilia. 32, 34 Severe DILI or HILI can result in acute liver failure (ALF), whereby patients may need a liver transplant or may even die. 1, 75 Progress has been made in defining the features of the two cohorts consisting of HILI by TCMs and DILI by Western drugs, as detailed in a recent study. 1 In this retrospective analysis, causative agents, either TCMs or Western drugs, are almost always administered orally. 1 This study was achieved through a comparative evaluation of liver injury cases with established causality using RUCAM, 1 the preferred CAM for injury cases. 16 This study ultimately presented cohort characteristics, including epidemiology details of incidence and prevalence, constituent ratio and demographics of the DILI and HILI cohorts, in addition to pathogenetic details, clinical characteristics, risk factors, liver histopathology, outcome and prognosis. 1 Parts of the published results are presented in Table 4 .
Impact of risk factors
Possible risk factors of HILI focus on the individual who consumes herbal TCM and on the herbal TCM product that was itself used. There is ample evidence that herbal TCM product quality is variable and disputed. 1, 32 First, herbal TCM mixtures may contain toxic herbs, which initiate liver injury after ingestion. 32 Second, herbal products could be contaminated with hazardous materials, like heavy metals, mycotoxins or pesticides, 12, 60, 76, 77 substituted with alternative plant species and fillers without elucidative labels, 78 or implicated . 16 Accordingly, the pattern of liver injury is hepatocellular (R$5), cholestatic (R # 2), or mixed (2 < R < 5).
16
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ULN, upper limit of normal.
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On the side of the consumer, unreasonable TCM treatment is proposed as a possible cause of HILI, representing a potential risk factor. 80 Immunological aspects, not further specified individual differences, or underlying diseases are also discussed as being risky. 24, 38 In addition, metabolic interactions of chemicals derived from Chinese herbs with chemicals of conventional drugs may occur and provoke liver injury, especially in multi-medicated patients. 1, 32 In view of the product heterogeneity of herbal TCMs and the variable individual susceptibility of consumers, it is hard to conclusively identify valid risk factors of liver injury in connection with the use of most herbal TCM products.
As opposed to the TCM herbs, risk factors of liver injury are much better investigated for conventional drugs. 34, 73 Drugs are well defined by their chemical ingredients and quality requirements, as requested by surveillance programs of regulatory agencies. For assessing possible risk factors in DILI, the focus is, thus, more on the susceptibility of the patients than on issues of drug product quality. The susceptibility of idiosyncratic DILI refers mainly to genetic risk factors and less to non-genetic risk factors. 15, 34 In previous clinical studies involving patients with liver injury by conventional drugs, the genetic impact was favored as a risk factor, focusing on human leucocyte antigen alleles and genetic polymorphisms of drug metabolizing enzymes. 39, 66 Although genetic factors predisposing individuals at risk are important, the physicochemical and toxicological properties of drugs, host and environmental factors, and their metabolic interactions are other (but non-genetic) potential risk factors to be considered. 34, 38 Among these non-genetic risk factors of idiosyncratic DILI are lipophilicity, extensive drug metabolism, and high daily doses of the used drug as molecular risk factors of liver injury caused by drugs. 5, 38, 65 Additional risk factors of DILI have previously been identified and merit brief comments. In line with data analyzed and validated by RUCAM, amounts of alcohol consumed are specifically provided for women (2 drinks/day) and men (3 drinks/day), calculating on average 10 g ethanol for each drink. 81, 82 Other studies confirmed alcohol use as a risk factor of DILI. For instance, according to a British population-based case-control study of DILI, alcohol use was a potential confounder of DILI among 128 assessable cases, with an odds ratio of up to 2.0, achieved if >10 units were consumed within a week, where 1 unit corresponded to one glass of wine. 17 In line with this study, other reports considered alcohol use as a risk factor of DILI. 5, 14, 16, 83, 84 Under discussion is the increased risk of alcohol use for DILI with some drugs, such as acetaminophen, 71 halothane, 85, 86 isoflurane, 87 isoniazid, 67, 68 and various anti-tuberculosis drugs, 88 including rifampicin and isoniazid in combination 67 and the drugs for treatment of multidrug-resistant tuberculosis, 88 methotrexate, and other drugs. 89 In a study on patients with pulmonary tuberculosis under treatment with various anti-tuberculosis drugs, the multivariate analysis revealed prior alcohol consumption as a significant risk factor of recurrent DILI with an odds ratio of 2.2. 89 Consequently, ample evidence exists that chronic alcoholism is a risk factor for DILI due to various drugs. 16, 17 It is subsequently justified that alcohol use as a risk factor of DILI is included as an item of RUCAM, providing one point in the original RUCAM 17 as well as in the RUCAM update of 2016. 16 Age $55 years is also included as a scored risk factor, in line with validated data analyzed in several cases. 16, 81, 82 Additionally, as a condition lowering the threshold of cholestasis 
Histopathology issue
Liver biopsy is not a mandatory or facultative key item examination of RUCAM, 16 because histopathological changes in DILI and HILI lack specific characteristics. 90 Pathological findings in combination with corresponding patients' clinical presentations are rarely beneficial for the patient, since the exclusion of other liver diseases in suspected HILI and DILI cases is more important and must be achieved by non-invasive methods (i.e. laboratory and serology analyses) rather than by invasive methods (i.e. liver biopsy), although risk of procedural-associated complications is low. 34 Generally, DILI and HILI can induce various target lesions at the cellular level, including hepatocyte, biliary epithelial cell, and vascular endothelial cell in hepatic sinus and intrahepatic veins. 67, 73 Liver pathology changes in suspected HILI cases are commonly viewed as unspecific and not contributory to firmly establish the HILI diagnosis. There are some histology findings, such as confluent liver cell necroses, fibrous septum formation and periportal lymphoplasmacytic infiltrations, which are more likely to be observed in HILI than in DILI cases; but, such differences cannot be used as diagnostic differentiating criteria in liver injury patients, who used herbs or drugs. 67, 91 Nevertheless, some specific histological characteristics, such as HSOS, are present in suspected HILI caused by a few Chinese herbal medicines (CHMs), such as Tusanqi, with PAs as ingredients. 64 
Outcome and prognosis
Patients experiencing acute liver injury following use of herbal TCMs or drugs commonly have a good outcome and longterm prognosis. 12, 29, 34, 84, 92 ALF and requirement of liver transplantation are serious but rare complications. 4, 34, 93 The overall outcome is better in patients with liver injury caused by herbal TCMs or chemical drugs than in those with chronic liver diseases. 73 Details of outcome and prognosis are summarized in Table 5 , but additional aspects are important, such as age, sex, liver biochemistries and a clinical pattern of liver injury, as outlined in various publications. 1, 37, [94] [95] [96] In a retrospective DILI analysis from Korea 30 days after case enrollment, 13.1% of the patients had a poor prognosis, with model of end-stage liver disease score and hemoglobin concentration as independent predictors of prognosis for these patients with DILI. 94 In another retrospective study carried out from 2009 to 2013 in Thailand, an increased hazard ratio (HR) signified major risk factors of mortality that were found in those patients with suspected DILI and who suffered from liver cirrhosis (HR = 2.72, 95% confidence interval (CI): 2.33-3.19), infections by the human immunodeficiency virus (HR = 2.11, 95% CI: 1.88-2.36) or chronic renal disease (HR = 1.59, 95% CI: 1.33-1.90), or who were aged $60 years (HR = 2.16, 95% CI: 1.96-2.38). 95 Similarly, 8% of enrolled patients with DILI from a study in the United States died and 2.1% underwent liver transplantation. 37 Other data of prognosis were obtained from the Spanish DILI registry for DILI patients with hepatocellular injury and jaundice, whose ALT values were >3 3 ULN with total bilirubin values >2 3 ULN; ten percent of these patients developed ALF. 96 In a Chinese cohort of 1985 patients with DILI or HILI, 155 patients (7.8%) were diagnosed with ALF, 103 patients (5.2%) died, and 19 patients (1.0%) received a liver transplant; with respect to HILI, among 66 patients with liver injury caused by P. multiflorum and its compound preparation, 4 (6.1%) presented with ALF and 2 (3.0%) died.
1 These data were corroborated in another DILI/HILI study of patients with ALF or acute liver injury, who were treated in 32 liver centers in the United States. 97 The comparison of DILI with HILI, which included complementary medicines and dietary supplements, showed that patients of the HILI group, who progressed to ALF, had a higher rate of transplantation, with a lower transplant-free survival among those. 97 The comparative data of clinical outcome and prognosis among patients with DILI and HILI caused by herbal TCM medicines are summarized in Table 5 . Reported data referred to all cases including deaths or liver transplantations.
#
Cases of HILI were all caused by HDSs.
Abbreviations: ALF, acute liver failure; CHMs, Chinese herbal medicines; DILI, drug-induced liver injury; HDS, herbs and dietary supplements; HILI, herb-induced liver injury.
Journal of Clinical and Translational Hepatology 2018 vol. 6 | 57-68 63
For few patients, a chronic course of DILI or HILI due to TCM was assumed, but evidence is limited. This commonly raises the question of whether a preexisting liver disease was initially overlooked due to incomplete data. 34 It has been suggested that approximately 15-20% of patients experiencing acute DILI developed chronic DILI, 34, 37 with partial improvement in the further course ranging from 3 months to 3 years. 18 In clinical practice, a minority will likely have a poor prognosis due to vanishing bile duct and cholestatic cirrhosis, but many other causes for these conditions are to be discussed. Among 863 patients with DILI and HILI hospitalized in a specialized clinic of Beijing, the diagnosis of chronic DILI was suggested by liver biopsy in 256 patients (12.9%), but applied criteria of chronicity remained vague; out of 66 cases with liver injury in connection with P. multiflorum use and its compound preparation, 11 patients (16.7%) may have developed HILI, assumed as such from the chronic type. 1 Again, it remains a case-by-case decision whether acute liver injury can become a chronic disease.
Causative agents
A prospective cohort study of 96 DILI patients in Iceland from 2010 through 2011 showed that 38 patients were diagnosed with DILI caused by antibiotics; among these was amoxicillin/ clavulanate, the most used drug (in 21 out of 96 patients, 22%). 20 Similarly, among 899 DILI cases between 2004 and 2014, the antibiotic and antimicrobial drugs (n = 408; 51%) like azithromycin, nitrofurantoin and minocycline represented the implicated agents in higher proportions of patients with pre-existing liver diseases (n = 89; 9.8%) and DILI cases with long latency (n = 12; 1.3%). 30 In another analysis of 1985 cases in China from 2009 to 2014, the most commonly implicated antibiotics were azithromycin, amoxicillin, levofloxacin, norfloxacin and roxithromycin, 1 similar to Western countries. 20, 30 Among 839 patients with liver injury due to WMs and HDS, 130 patients had HDS-induced liver injury including 45 patients (35%) who had used bodybuilding HDS and 85 patients (65%) who had been on non-bodybuilding HDS. 31 A systematic review on HILI in Korea identified 21 herbal preparations with P. multiflorum (39.2%) and Dictamnus dasycarpus (37.1%) as the most common causative agents. 98 In a retrospective analysis of 427 cases with suspected liver injury caused by herbal TCMs in China between 1983 and 1998, He Shou Wu (as a single species of Chinese herb) and Zhuanggu Guanjie Wan (as a multispecies Chinese patent medicine) were the most common causative agents of liver injury. 36 Clinical data of another specialized hospital collected from 2009 to 2014 identified P. multiflorum (n = 66), Psoralea corylifolia (n = 39) and Corydalis yanhusuo (n = 36) as the three major Chinese herbs associated with liver injury. 1 Unfortunately, robust comparative data on treatment duration and daily dosage of suspected drugs and herbs are not available from the large sample cohorts of DILI and HILI cases. However, compared with WM and referencing a Chinese report in Chinese language, there is the note that liver injury caused by TCM develops slowly with clinical symptoms appearing within 1 week to 1 month. 55 In addition, daily doses of herbs used as herbal mixtures are difficult to assess due to the variability of the herbal products and the unknown amount of the respective phytochemicals.
Treatment indication
For WMs, treatment conditions are transparent and commonly accessible, conditions that rarely apply to treatments by herbs, including TCM herbs and dietary supplements. In the United States, indications for HDS use were among others for body-building (33%), weight loss (26%), immune support (12%) and cough/cold (11%). 99 Indications for herbal TCMs were osteoarthropathy (33.4%), nephropathy (25.9%) and unspecified dermatosis (20.3%). 36 Diagnostic strategy of causality assessment using RUCAM Causality assessment approaches in patients with liver injury may be difficult if several products were used concomitantly or if Chinese traditional patent medicines were used, which consist of multispecies herbs. [99] [100] [101] For instance, a single HDS product was implicated in 60% of patients included in a case series of the liver injury, two or more in 23%, and a combination of HDS with prescribed drugs in 16%, which confounded the results that were not assessed for causality specifically by RUCAM. 99 More importantly, RUCAM as the most commonly applied CAM worldwide 16 was also used in the recent comparative cohort study of DILI and HILI by TCM. 1 This identical approach of causality assessment qualified the results by ensuring valid and comparable data for both cohorts (Table 6) . 1, 2, 11, 16, [102] [103] [104] [105] RUCAM-based causality gradings for individual products differed slightly between the cohort of HILI by TCMs and DILI. 1 However, most impressing were the high RUCAMbased causality gradings, which were highly probable or probable for both cohort groups, which signifies good case data quality, as evidenced by the completeness of the RUCAM items to be scored. Among the 866 cases of liver injury due to a single agent, the final RUCAM gradings were highly probable in 37% of the cases, probable in 59%, possible in 5%, 1 In detail, in the group with the highly probable causality grading, liver injury caused by CHMs predominated, whereas the probable causality level was found preferentially in the WMs group (Fig. 2) . 1 A large number of registries, regulatory agencies, and major associated groups of Europe and Asian countries applied RUCAM to assess causality in suspected cases of DILI and HILI; details have been reported in a previous publication. 16 In addition, RUCAM is used worldwide and has been reported on in many case reports and case series of suspected DILI and HILI. 16, 41, [106] [107] [108] [109] [110] [111] [112] RUCAM was originally published in 1993 81, 82 and updated in 2016. 16 It is applicable in suspected DILI and HILI cases to be used for robust causality assessment. Representing a structured, standardized and hepatotoxicity-specific diagnostic algorithms, the RUCAM attributes individual scores to each key item. Summing up the individual scores will provide final quantitative causality gradings. 16 Among the various core elements of RUCAM are: challenge characteristics as time period from beginning until cessation of drug or herb use in relation to disease onset or from the cessation of product use to the onset of the liver injury; dechallenge features with a course of LTs after cessation or continuation of the product's use; risk factors, including alcohol use, age and pregnancy; co-medication with other drugs or herbs; search for alternative causes, including HEV among others; available information on previously known hepatotoxicity; and, specific ALT criteria for response to unintentional re-challenge to be assessed retrospectively, as intentional prospective re-challenge for diagnostic purposes is obsolete and unethical due to the high risks associated with this test. 16 Rare differential diagnoses should be excluded and are provided in a separate list of the updated RUCAM. 16 Additional details of RUCAM can be found in the updated version that should now be used in future DILI and HILI cases. 16 Apart from RUCAM, other CAMs have been used in suspected DILI and HILI cases but most of these, including approaches based on expert opinion, received critical comments. 16 
Potential diagnostic biomarkers
Biomarkers, in the form of blood tests as specific diagnostic tools, would be appreciated by clinicians, regulators and the pharmaceutical industry if, in addition to RUCAM, the causality of idiosyncratic DILI and HILI can be confirmed. 5, 113 However, for any diagnostic biomarkers including those considered to be used for idiosyncratic DILI and HILI, high specificities and sensitivities are required. Most importantly, potential new diagnostic biomarkers must be evaluated in idiosyncratic DILI and HILI patients with established RUCAMbased causality of highly probable or probable causality gradings. 113 Diagnostic biomarkers are available for a few drugs and herbs, which cause intrinsic but not idiosyncratic DILI or HILI. 5, 113 For example, valid biomarkers of acetaminophen protein adducts in serum and urine are available in patients with intrinsic DILI or ALF caused by overdosed acetaminophen, also called N-acetyl-para-aminophenol (APAP) or paracetamol. 113 Serum microsomal epoxide hydrolase is another Journal of Clinical and Translational Hepatology 2018 vol. 6 | 57-68diagnostic biomarker, to be used in Western countries for the diagnosis of intrinsic HILI caused by Germander, 5, 62, 63 which is known in China as Shi Can. 4 Serum pyrrole-protein adducts are other diagnostic biomarkers for HILI are due to the herbal TCM San Chi (Gynura segetum) with unsaturated PAs as ingredients and culprits causing HSOS. 4, 5 Many other biomarkers including microRNA-122 or keratin-18 are under consideration but still disputed due to limited test validation. 5, 113 Presently, no specific diagnostic biomarker is available that could assist RUCAM in clarifying and ascertaining the diagnosis of idiosyncratic HILI or DILI, which remain diagnoses of exclusion. However, many diagnostic serum biomarkers are key items of RUCAM items to exclude infections such as hepatitis A virus, hepatitis B virus, hepatitis C virus, HEV, cytomegalovirus, Epstein-Barr virus, herpes simplex virus and varicella zoster virus, using specific PCR analysis and specific serology parameters such as IgM or IgG antibodies. 9 In addition, a wide range of diagnostic tools are available to exclude the broad spectrum of autoimmune liver diseases including autoimmune hepatitis. 9 A careful diagnosis is essential, because alternative causes are often detected in case series of DILI 84, 114 and HILI 115 and confound the diagnosis, with the consequence that suspected HILI and DILI are not HILI or DILI but something else.
Conclusions
Western drugs and herbal products, including TCMs, are commonly applied for therapeutic purposes with variable efficacy, but they may represent potential exogenous hazards in worldwide healthcare settings if liver injury emerges. There has been uncertainty as to whether DILI has different characteristics as compared to HILI caused by TCM. Despite some concordance, new analyses of liver injury cases with established RUCAM-based causality revealed major differences of HILI caused by TCMs as compared to DILI regarding the following features: in a general liver injury setting, HILI cases are less frequently observed as compared to DILI, have a smaller proportion of females and less rechallenge events, and present a higher rate of hepatocellular injury features. Since all results were obtained from Chinese residents who had access to and used Western drugs and/ or TCM herbs, the ethnic homogeneity of the assessed population suggests that the observed differences are well founded within one ethnic group.
